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O#ctivas. The purpose of this study was to evaluate the 
e iveness of ~d~o~uea~~ thermal ball(~~ an~ioplasty and 
resc’ue procedure after abrupt or threatened vessel closure corn. 
plicatin~ elective percutaneous t~nslwminal ~~r~)~a~ angio- 
Pla 
round. Comvnary angioplasty is an establishd th~~py 
for ischemk heart disense. However, abrupt closure after SU~~CSS- 
fld lasty remains a serious problem. 
We utilized a unipolar radiofrequency hlhon in 
WB a radiofrequency potential of 13.56 MHz was transmitted 
hetween the coil within the halloon nnd a plate electrode attached 
to the patient’s body. The temperature within the balloon could be 
monitored thro istor within thr balloon. From October 
I!491 through 993, 31 patlents who had abrupt or 
threatened vessel closure during 1,005 consecutive elective co~o- 
nrry angioplasty procedures were randomly assigned to radiofre- 
- 
PtXL!UtiUl~OUS tnrnsluminal coronary angioplusty is an Nib 
lishcd trcatmcnt for coronary vascular discasc. However, cvcn 
if the stcnotic or obstructive coronary lesion is successfully 
dilated, the long-term clinical ctlicacy of angioplasty is limited 
by the relatively high frequcnq of rcstenosis and short-term 
efficacy is limited by the occurrence of abrupt vessel closure. 
The latter is ckxsely r&ted to the need for smcrgcncy coronary 
artery bypass surgery uud to mycmrdiid infmtiou and death. 
Recently, WC‘ developed a type of angioplasty bitll~n that can 
heat the lesion by a unipolar radiofrequency current heating 
mechanism. It has been suggested (I) that this thermal balloon 
might be useful in the treatment of abrupt vessel closure 
complicating conventional coronary angioplasty. WC therefore 
tested the elticz~cy of coronary angioplasty using this Moon to 
treat abrupt or threatened vessel closure after conventional 
coronary anpioplasty. 
1:rw the Cklinlogy Ccntcr. Shonan lianmkuru Gtxcr;tl Hospital. K:; 
meliura City. Jnp:m. This work was prwntcd in part nt the 4?nd Annual 
Scicntitic kssion of the Amoriwn C~llcgc of Cardid~~gy. i\lkmto. Gcoqia, 
March NW. 
Manuwript rwGved Fehmory 17.1W-k revised mmmscript received May IX. 
IW. xxptcd June 2. 1994. 
quency ball(M~~ audio 
treatment. 
threatened closure). ‘i’be ave 
tion time were 62 2 9°C an 
&al). The p6+ocedure wa 
restenosis was 67% but 
Study patients. From October 1901 through December 
1’)93, a tOtid Of I.005 consecutive elective COrO1Xlly aflgiophaty 
procedures with a conventional angioplasty balloon, excluding 
directional coronary atherectomies and intracoronary stent 
implantations, were performed in the cardiolo&v center of 
Shonon Kamakura General Hospita:. Twelve procedures 
(1.3%) were complicated by abrupt vessel closure and I9 
(1.9%) by threatened closure. The 31 patients with these 
complications formed the study group and were randomly 
assigned to treatment with rati;. frequency thermal balloon 
angioplasty or to other treatment (conventional balloon coro- 
nary angioplasty or intracoronmy Palmaz-Schatz stenting). All 
complications had occurred during elective coronary angio- 
plasty; no patient with a complication during angioplasty 
performed during an acute myocardial infarction was included 
in the study. All patients had given informed written consent 
for the trial. 
Radiofrequency thermal balloon catheter. The radiofre- 
quency thermal balloon (SST balloon catheter, Japan Crcs- 
cent, Japan) we used was originally developed by Yamashita et 
al. (2). It is characterized both by a unipolar design and a 
thermistor within the balloon that measures the balloon tem- 
Tbc ladic~f~cclucilc~f power gencrarot 
*Ipan Crescent. Japan) dclivcrs the radio- 
frequency current brtwccn the cathctcr and 3 plate clcctrodc. 
lb X 80 cm, atlachcd to the patient’s back and it can control 
the power automatically to keep tbc tcmpcraturc within the 
b;tlloml ilt 2 ~HIXt V~llUC. Ill the present Study wc uSually Used 
bctwecn 2.5 ilMl 30 W of encrpy and a preset tcmpcruturc of 
StP to Xo”C. Bidhtll inflation prcssurc was ch at m, and 
ion time was bctwecn 30 Nld h0 s for each inthuion. 
ethsd of radiofrequenry thermal bahm angiop!astygr. 
When radiofrcquency tll~lTllill balluon angioplasty was pcr- 
formed, a ball(ron of the same diameter 3~ tht: hiloon USC~ in 
the prcccding conventional angioplasty procedure Wilb inserted 
to tbc lesion through an SF guiding catheter. After the 
radiofrequency balloon reached the lesion and the radiofre- 
qurncy power generator was cormccted to both the radiofre- 
qucncy balloon catheter and the plate electrode, impedance 
matching was carried out to obtain the maximal energy trans- 
mission around the radiofrequency balloon. A relative!y high 
tempcriltur~ (XOT) WilS preset in the early Cases but becduse of 
the high rate of restenosis in these cases, a lower temperature 
(55°C) was used in later cases. During and after radiofrequency 
balloon angioplasty, no specific treatment such as the admin- 
istration of coumadin or the continuous infusior of heparin 
was used. All femoral introducers were pulled out the day after 
radiofrequency thermal balloon angioplasty. 
Definitions and measurements. As proposed by Roubin ct 
al. (3) abrupt vessel closure was defined as the occlusion of a 
vessel with Thrombolysis in Myocardial Infarction (TIMI) 
grade 0 or 1 flow, according to the angiographic appearance of 
the vessel immediately before radiofrequency thermal balloon 
angioplasty. Threatened closure was defined as the presence of 
two or more of the following four criteria: I) residual stenosis 
~50’75, 2) TIM1 grade 2 flow, 3) significant dissection, or 
4) clinicai evidence of ischemia. The angiogrdphic signs of 
dissection were a lumen filling defect suggesting an intimal flap 
OS’ l?l:UhXi iiN!guhrity Of tile Vcssd wall after coronary ungio- 
phst~. 01’ hth. A significant dissection WAS ddincd as the 
prcscncc of cxtraluminal dye or a dissection with a length 
> IS mm (4). Successful rescue was defined as 1) improvement 
of percent diameter stenosis to 520% with restoration of 
normal TlilMl grade 3 flow beyond the site of closure without 
death or the need of interventions to restore blood flow other 
than intraaortic balloon pumping, 2) a peak serum creatine 
kinase (CR) elevation 43 times the upper limit of normal, and 
3) no ischemic events before hospital discharge. Restenosis 
was defined as loss of percent diameter stenosis of >SO% of 
the initial gain. Percent diameter stenosis was measured hy the 
automated computerized edge detection method that is part of 
the cquipmcnt of the Philips DCl system. Yn cases of intimal 
dissection with complex angiographic appearance, the diamc- 
ter of the stenotic lesion was defined as the narrowest part of 
the Icsion. Data were collcctcd on the Macintosh-based rela- 
tional database 4th Dimension (ACKIS) and Excel version 4.0 
(Microsoft), and analyzed by I tests, chi-square tests or analysis 
of variance using StatVicw version 4.0 (ABACUS). 
ts 
Patients. Of the 31 study patients, I5 (5 with abrupt closure 
and IO with threatened closure) were randomly assigned to 
management with radiofrequency thermal balloon angioplasty 
(group 1). Of the other I6 pa ients (7 with abrupt closure and t 
0 with threatened closure) 13 were managed with conventional 
balloon angioplasty and 3 with Palmaz-Schatz stem implanta- 
tion (group 2). The clinical use of intracoronary stenting was 
limited because the stent had not been approved by the 
government in the early phase of the study period and because 
supplies from the manufacturers of the stcnt wcrc not sutlicicnt 
even after approval was received. The clinical characteristics of 
groups 1 and 2 are listed in Table I. There were no significant 
differences in the clinical features of these two groups. 
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Outcome of patients in groups 1 a 2 (Fig. 1, Table 2). 
There were no deaths or emergency bypass operations in the 
group with radiafrequency thermal balloon angioplasty (group 
1) but there were two in-hospital deaths including I procedural 
death, and three clcctivc bypass operations in group 2. In- 
traaortic balloon pumping was performed significantly more 
frequently in group 2 (p --c 0.05). One patient in group I and 
five in group 2 had an elevated serum creatinc kinase level and 
a Q wave myocardist infarction. Thus, rescue from abrupt or 
threatened vessel closure complicating elective coronary an- 
gram showing outcome in 3 I 
abrupt or threatened vessel 
closure complicating elective percutaneous 
artery bypass surgery (CABG) and also had 
a 6 wave myocardial ~nfurcti~~~ (@MI). 
“*Patient * myocnrdial 
infarctior. indicate PC 
tients sxviving without a ctirdiuc event or 
proccdurc. llElcctive coronary urtery bypass 
“Up$!ly. 
gioplasty was so~c~ssf~l in 14 (93%) of the 15 patients in group 
1 and 9 (56%) of 16 in group 2. 
Detailed profiles of patients in glum 1 (Table 3, Fig. 2 eo 
4). The 15 patients who underwent radiofrequency balloon 
angioplasty had angiographic evidence of significant intimzl 
dissection. In all, the lesions were successfully reached by 
radiofrequency thermal balloon. The diameter of the radiofre- 
quency balloon was 2.5 to 3.5 mm (mean + SD 3.1 + 0.3), the 
maximal balloon temperature was 55” to 80°C (mean 62 t 9), 
the maximal inflation pressure was 2 to 8 atm (mean 4.9 t 1.7), 
Table 2. Clinicat Outcome 
Witbout RF Thermal Balloon 
With RF Thermal Balloon Anpioplasty Angioplasty 
Total AVC Threatcncd AVC Total AVC Threatened AVC 
Pts IS 5 10 I6 7 9 
Prwcdural deiith 0 0 0 I 0 I* 
lo-ho@al death 0 0 0 1 I I” 
CABci 
Emergency 0 0 0 n 0 0 
Nonemergency 0 0 0 3 3 0 
CK elevation I I 0 5 3 2 
Emergwcy strndag 0 0 0 3 2 I 
IAEP 3t 2 I 10t 6 4 
‘tic ease. tp < 0.6 between these values. CK elevation = creatine kinase 2 upper limit of normal; CABG = 
coronary artery byp;lss surgery: IABP = intraaortic balloon pumping; other abbreviations as irl Table I. 
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and the total inflation time with radiofrequcncy heating was 60 
to 240 s (mean 129 z_!z 62) s. Average percent diameter stenosis 
decreased from 87 +- 14% before to 36 I 25% after radiofre- 
qucncy balloon angioplasty (p < 0.01). The serum creatine 
Figure 3. Patient II. il Sl-ycilr Old msn. Coroniny iIllgi0plilSty for 
diffuse stenosis at the middle left anterior descending ctrtcry 
(A) rcsultcd in scvcrc intimal dissection and hlrzincss tB), and the 
patient rcportcd prrtlongcd chest pin. After rildinfrcqucncy thcrmnl 
bnllac~ nngiuplssty (Cl, the ungiqruphic signs of intimal dissection 
(D), iIs did the p;rtient’s chest pain. 
JACC Vol. 21, No. 5 
Nowmbrr I. 1993:1220-t; 
Figure 2. Patient 3, a 3%year old man. C~ronlry angio- 
pbdsty for ()o% stenosis at the proximii\ left circumflex 
artery (A) resulted in severe intimal dissection (B) and 
eventually abrupt vencl closure (0. after ri~di~~fr~qu~ncy 
thcrral balloon ~~~~~~~~~~~st~. he artery opcncd with 
angiugraphic evidence of intimal dissection ( 
kinase level was high in one patient (Case 5. Fig. 6) in whom a 
long dissection extending from the mid to t 
circumflex coronary artery occurred after corona 
of a midcrrcumfex lesion and pooling of Contras 
noted: distal runoff was not good even after radiofrequency 
therm angioplasty. 
co s. There were no conl~li~t~o~s directly re- 
lated to radiofrequency thermal balloon angioplasty except in 
two patients who complained of a warm sensation in the 
anterior portion of the chest during the procedure (the balloon 
temperature was 55°C in one and W’C in the other). Arrhyth- 
mia or coronary occlusion suggestive of local clot formation 
was not observed in any case. Chest pain was present during 
thermal balloon inflation but disappeared quickly after balloon 
deflation in all but one patient (Case 5), who had vague chest 
discomfort for 2 h. 
Longderm outcome of patient in group B (Fig. 7). Twelve 
of the 14 patients in whom rescue radiofrequency thermal 
balloon angioplasty was successful underwent follow-up coro- 
nary angiography 1.8 to 6.4 months (mean 3.1 + 1.4) later. The 
percent diameter stenosis changed from 40.0 2 25.6% Just 
after radiofrequency angioplasty to 61.7 c 43.5% in the 
follow-up angiogram. Angiographic evidence of restenosis was 
seen in 8 (67%) of the 12. In the patients who had restenosis 
the average maxima! balloon temperature was 61 + 8°C (in 
three patients it was 6V. in three it was 55”, in one it was 80” 
and in one it was WC), and in those without restenosis the 
average maximal temperature was 68 2 10°C (60” in two, 80” in 
one and 70°C in one). Repeat conventional coronary angio- 
plasty of these restenosed lesions was pe~ormed in seven 
patients and was successful in six (86~6) Five of these six 
underwent follow-up angiography 8.6 f_ 3.8 months after 
radiofrequency angioplasty; a new restenosis was observed in 
one (20%) of the five. Finally, in 8 (53%) of tbc IS patients 
who underwent rescue radiofrequency balloon angioplasty 
after abrupt or tlircatc~ic~ vessel closure co~~~~icat~~i~ convcn- 
tional coronary angioplasty, examinations showed long-term 
success 8.2 + 3.5 months later. 
Figw 5. Patient 2. II 71-ye;lr old man. Angioplasty for a distal left 
circumflex artery lesion (A) rcsultcd in smooth dilation (E). Qnc ~OUI 
later, the circumkx :hrkry occluded (C), bum it rcopcncd itftcl 
rudiofrcquency thermal balloon angioplnsty (11). 
sty. Abrupt vessel clo- 
sure complicating coronary illIgiOplX4y has significant clinical 
consequences. Despite continued improvements in cquipmcnt 
and the technical aspects c)f coronary angioplasty, the inci- 
dence of ilblllpt closure varies from 3% to 10% among all 
patients undergoing the proccdurc, and the combined inci- 
dcncc of dcatb, myocardial infarcGon and cmcrgency coronary 
bypass surgery for clcctivc imgioplasty is 5% to IO% depending 
on the extent of the diseased vessels (5). To date, several 
pharmacologic and mechanical interventions to treat abrupt 
vessel closure have been proposed (6). These include throm- 
bolytic therapy, intraaortic balloon pumping, catheter reperfu- 
sion, standard or perfusion balloon angioplasty and angioplasty 
using scvcral ww interventional devices. These new devices 
include directional coronary athcrcctomy (7), laser balloon 
angioplasty and coronary stenting. Howcvcr, bccausc coronary 
atherectomy has an inherent potential for perforation, indica- 
tions for the use of this procedure have not yet been defined. 
Laser balloon angioplasty had a relatively low succe~ rate of 
only 7W in IO patients after abrupt failure of conventional 
angioplasty and also had a high restenosis rate (71% [five of 
seven vessels]) (8). These unfavorable rates, coupled with the 
high cost of the equipment, have made this intervention less 
attractive. Several studies (3,Y-I I) have shown ~IIC effcctivc- 
ness of coronary stcnt implantation for abrupt vessel closure or 
threatened closure, In these reports, successful stenl deploy- 
ment was achieved in 95.4% of patients, but emergency 
coronary artery bypass graft surgery was required in 4.2’% to 
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F&use 6. Patient 5, a 74-year old woman. Angio- 
plasty for the tandem and irregular stenoses at
the left circumflex artery (A) resulted in abrupt 
). The attempt to open the artery 
by conventional balloon angioplasty failed (C). 
but the artery opened after ~diofrcquen~ ther- 
mal balloon angioplasty (D). However, distal 
runoff of the Contrast mudium was not good, and 
the patknt reported having chest pain for 2 h; 
serum creatine kinase was elcvatcd. 
4.3% of patients, the incidence of in-hospital myocardial 
infarction was 5.5% to 7.6% and subacute thrombosis of the 
s;naed vessel occurred in 7.6% to 8.7%. This relatively high 
rate of subacute thrombosis may require elective coronary 
bypass surgery several days after emergency stent implantation 
(8). Thus, the cumulative risk of morbidity and mortality after 
abrupt vessel closure or threatened closure after coronary 
angioplasty remains significant and mandates ~~~vest~~~~~~ into 
improved strategies for their prevention and treatment (12). 
iofrequency thermal bagmen a abrupt or 
th ned vessel closure. Possible of angio- 
rovement obtained with radiofrequency thermal 
Figure 7. Diagram showing outcome of IS patients with 
rescue radiofrequency thermal balloon angioplasty for 
abrupt or thredtened vessel closure complicating elective 
percutaneous transluminal coronary angioplasty (PTCA). 
CABS = elective coronary artery bypass graft surgery; 
F/U = follow-up coronary angiography; QMI = Q wave 
myocardial infarction. 
balloon a~gjQ~~as~y include t s 
(21, e~irni~at~~~ of elastic recoil (13), reduction of platelet 
activation and d ation of the thrombus (8). Coronary 
hically ila 355; of cases 
abrupt vessel closure, 
major cause of abrupt 
vessel closure after coronas angi sty (12J4). Also, angio- 
graphic ~v~~~~c~ of significant inti dissection was seen in all 
0f OBr patients before rad~~frcq~e~cy thermal balloon angio- 
plasty. Perkins et al. (15) co~ci~~ed from ~os~~io~tern exami- 
an atll~r~~nato~s aortic ti 
~~mi~~rn~garnet l ser r
f artesian wall separatio 
rc XWC. However, QMB’ results revealed that 
ratures of 51B” to 80°C with pressure coul 
~~l~~~~c i~rov~nient of intimal dissection an 
c from i~~rU~~ or ~~1~~~1~~~~~~ vessel c 
ition. ~~~~i~ilr~y~ tZcsar etal. (16) found in tlaeir 
in vivo ex~er~flle~lts on renal and carotid arteries in mongrel 
dogs that rad~ofre~~~ye~~~y th rmal bailoot~ ~~~g~~~~~~sty with the 
application of 2 atm at 711°C was etffective for the e~~do~~~i~flai 
sealing of dissections, and ~al~as~ita et al. (2) showed in a 
small series of patients that adve~tit~a~ temperatures of <8O”C 
achieved similar elects. This discrepancy be- 
cts of thermal sealing reported by Jenkins et al. 
(13) and our results with radiofrequency thermal balloon 
angioplasty may be related to the relatively long thermal 
exposure in the latter procedure, and to the dilference in 
experiment models between in vivo blood-perfused vessels and 
postmortem atheromatous aortic segments. 
Laser balloon angioplasty imparts energy to the vessel wall 
through spectral absorption, and the depth of energy transmis- 
n the laser dose and the optical properties of the 
diofrequency thermal balloon angioplasty with 
bipolar design imparts energy to rhe vessel wall through 
thermal conduction with the transfer of energy being depen- 
dent on the thermai conductive properties of the vascular 
tissue (18). In contrast, our radiofrequency thermal balloon 
angioplasty uses a unique capacitive heating mechanism to 
heat rhe vessel wall, because it uses a high frequency of 
13.56 MHz and has a unipolar design. Because this type of 
heating mechanism has a more uniform heating effect on the 
vessel wall than does the conductive type of heating mecha- 
nism of bipolar balloons (2,19), it may cause thermal welding 
of dissection flaps. There was no statistically significant differ- 
ence between our two study groups in the rate of successful 
rescue. However, because the actual clinical experience was 
better in the patients treated with than without radiofrequency 
thermal angioplasty, we think that this procedure is at least one 
of the icterventional therapies that we should continue to 
perform when abrupt or threatened vessel closure complicates 
elective coronary angioplasty. 
Rate of restenosis. Restenosis was observed in 67% of our 
patients, a higher proportion than that occurring after conven- 
tional coronary angioplasty (20). Thermal injury to the arterial 
wall is a potent stimulus for smooth muscle cell proliferation (21), 
orted rate of restenosis aft 
se many factors are involved in restenosis 
e is necessary to dete~i~e how low the 
temperature can be for a succ&ul rescue procedure without 
en if the rate of restenosis cannot be reduced, the 
f this treatment will not be changed, because it is 
tlve in rescue situations, and the success rate of repeat 
number of patients was small. Because radiofrequency thermal 
balloon angioplasty was not used in all patients with abrupt 01 
tl~reate~~ed vessel closure during this study period, the series 
tartcd here mlily not reflect he true group of patients with 
upt or threatened vessel closure. Nevertheless, 
that radiofrequency thermal balloon angioplasty is
th6: treatmc~~~t of abrupt or threatened vessel closure compli- 
cat ng elective co~ve~t~o~al coronary angioplasty. Further 
randomized multicenter studies are needed to determine the 
most suitable balloon temperature for both a successful rescue 
procedure and the lowest rate of restenosis. 
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